One of the more important aspects of vision is color perception, which involves aesthetic and psychological responses. The aim of this study is to understand the association between color and visual complexity in abstract images. It is hypothesized that, as the intelligibility of colors in an abstract image decreases, visual complexity and visual interest will increase until there is over unintelligibility where complexity and interest will decrease. In addition, as the difficulty in distinguishing the rules and the variety of colors used in images increases, visual complexity and visual interest will also increase. Abstract images are selected since they are independent from the visual references of the actual world, and are basics of art and architecture. The results revealed that images that were evaluated as visually complex and interesting were the ones that they had difficulty in finding a color harmony and indicate a huge variety of colors to the extent that differentiation between hues becomes very difficult.
| INTRODUCTION
Everybody experiences color and knows something about it. Most artists, painters, designers and architects work with color intuitively even if they have studied color both practically and theoretically. As Leonardo da Vinci said, "He who loves practice without theory is like the sailor who boards ship without a rudder and compass and never knows where he may cast." thus without understanding color theory and its relationships, a piece would always be missing in the usage of color. Color can conjoin science, mathematics, biology, and technology, like the missing piece, and can be the perfect bridge.
There are many studies from various disciplines on the association between color and emotion, color and aesthetics, color and its naming, and so on. Despite the vast number of separate studies on color and on complexity, there are a limited number of studies on the association between color and visual complexity together. Although the aforementioned developments and studies were quite independent, they have contributed decisively to make the time ideal for an integration that brings the scattered evidence into a global picture. 1 Having a better understanding of color perception, visual complexity and visual interest can show that different disciplines such as mathematics, science, psychology, design and art have a lot more in common than might be thought.
One of the more important aspects of vision is color perception which involves aesthetic and psychological responses. The model (see Figure 1 ) created by Leder et al. 2 introduced the psychological mechanisms involved in the aesthetic appreciation of art which depends on 3 steps; the first is the evaluative dimension, followed by the affective dimension that involves interest and attention, and finally the semantic dimension. The affective dimension, the second step, is important in order to understand the association between visual complexity and colors in abstract images, which induces aesthetic and psychological responses. An understanding of the association between visual complexity and color can help define the relationship between color aesthetics, human vision, and the perception system.
When human vision, and its associated perception system, detects something in its field, that is, a stimulus, it automatically gives a psychological response and makes a judgment about the sense of beauty, which implies the notion of aesthetics. There are several approaches to define aesthetics and one of the most suitable was introduced by Immanuel Kant 3 in the book "The Critique of Judgment". This approach is a philosophical study of certain states of mind-responses, attitudes and emotions-that are held to be involved in the aesthetic experience. Kant located the distinctive features of the aesthetic in the faculty of judgment, whereby humans take up a certain stance toward objects, separating them from their scientific interests and their practical concerns. The key to the aesthetic realm lies therefore in a certain disinterested attitude, which we may assume toward any object and which can be expressed in many contrasting ways. In other words, aesthetic judgment can be defined as the assessment that someone makes of the aesthetic or artistic value of a certain visual stimulus. 4 Art, as with any other activity of the mind, is subject to psychology, accessible to understanding 5 and the psychology of art aims to characterize the psychological mechanisms involved in the appreciation of art, such as grasping an artwork's symbolism and identifying its compositional resources. 1 The aforementioned model (see Figure 1 ) shows the mental functioning while experiencing aesthetic stimuli. The model aims to provide an integrated description of the psychological processes involved in aesthetic appreciation. It also tries to explain the relation between art and aesthetics, showing the features that make an experience aesthetic, and the relation between contemporary art and more traditional forms of art. 1 The model is designed to show the relation amongst perception, complexity, familiarity, knowledge, style, content, and experiences (expertise) in the psychological mechanisms involved in the appreciation of art. One of the indicatives for aesthetic judgement is complexity which influences aesthetic evaluation during the early perceptual analysis of objects of aesthetic. [6] [7] [8] [9] Complexity is usually associated with disorder and is defined as the edge of chaos. It is the equilibrator among chaos and ultimate simplicity so it is the transition space between order and disorder. However, this explanation is not enough to understand totally the concept of complexity. There are various definitions of complexity coming from different disciplines including art, design, and architecture and in all, complexity is interpreted as the state of having countless parts that cause difficulty in understanding and interpreting the whole. The concept of complexity is defined by its opposition to simplicity, however it is the amount of detail or intricacy in a composition, for instance, a simple composition (with a small amount of detail) has a minimum level of complexity and a complex composition (with a high amount of detail) has a maximum level of complexity. Thus, with an optimum level of complexity, that is, with enough detail, visual interest can be created. Similarly, in design, complexity is diversity or variety so that visual interest is created. Simple compositions can result in monotony or boredom, whereas complex compositions are prone to produce chaos if a strong order fails to be established. Thus, a successful amount of complexity with a readable order is necessary in design. 10 Since complexity is the transition space between order and disorder, finding the right balance between simplicity and complexity is important to create compositional interest. It is demonstrated that people prefer a middle level of complexity because simpler visual stimuli tend to be perceived as more aesthetically pleasing, probably due to more fluent mental processing of the stimuli. 11 But, if it is too simple, people are bored, or if it is too complex, they will be confused. 10, 12 People seek organized complexity, and become disinterested in, or repelled by, low or disorganized complexity. 13 Previous studies have examined visual complexity from single dimensions such as handling it through symmetry, the number of edges of polygons or color. Some of those studies found the effects of those dimensions on visual complexity and some of them did not. Rump 14 was trying to find a general factor of preference for complexity even if he could not relate the dimensions (asymmetry, number of elements, and variety of elements) of visual complexity and suggested that a specific dimension should be used in visual complexity studies. He also concluded that people's assessment of the complexity of an image may differ depending on the feature they focus on primarily. 14 Kreitler, Zigler, and Kreitler 15 argued that visual complexity was best conceived as a multidimensional concept. In order to begin characterizing the structure of this concept they designed a study which used the 5 complexity dimensions; the heterogeneity of elements, the irregularity of the disposition of the elements, the number of elements, the irregularity of the shape, and the incongruence of the juxtaposition of the elements. 4 As their results showed, FIGURE 1 Model of aesthetic appreciation and aesthetic judgments (Leder et al., 2004) a stimulus that facilitates the organization of its meaning and its forms into an overall structure could be rated as simpler than a stimulus with fewer elements, or was more homogeneous, but was harder to integrate or organize into a coherent whole. These findings introduced the view that there could be a multidimensional nature of complexity. There are 7 dimensions to frame visual complexity; unintelligibility of the elements, disorganization, number of elements, variety of elements, asymmetry, variety of colors, and 3D appearance. 4 Hence, according to Roberts 4 the 7 dimensions could have an effect on visual complexity. Amongst all those dimensions, this study focuses only on unintelligibility, disorganization, and variety of colors in a composition since, for examining the association between color and visual complexity, the other dimensions are subdimensions. Unintelligibility is the difficulty in identifying colors in a composition that is, differentiation of colors. If it is not difficult to differentiate colors in a composition, then it is assumed that the visual complexity of that composition is low. The second dimension for visual complexity is disorganization, which is the difficulty in organizing colors in the composition. If there is no discernible rule in the usage of colors; in terms of the location of colors in the composition (symmetrical, radial, diagonal, grid, etc.) and in terms of the harmoniousness of colors (monochromatic, analogous, complementary contrast, split-complementary contrast), the visual complexity of that composition is assumed to be high. The last dimension is the variety of colors (hue, value and chroma) in a composition. As the number of colors increases in a composition, visual complexity also becomes higher. It is hypothesized that, as the intelligibility of colors in an abstract image decreases, visual complexity and visual interest will increase until there is over unintelligibility where complexity and interest will decrease. When a stimulus is too complex, it is perceived as chaotic, disorganized and unpleasant; if it is too simple, it is perceived as insipid, flat and uninteresting. 16 In addition, as the difficulty in distinguishing the rules and the variety of colors used in images increases, visual complexity and visual interest will also increase.
| METHOD

| Sample group
The sample group for the study consisted of undergraduate students (second, third, and fourth year) from the Interior Architecture and Environmental Design Department of Bilkent University, Ankara, Turkey. Each student studied color in their first-year and the total number in the sample group was 120 students. The age range of the students was from 19 to 31 years (mean age 22.5 years) and included both males and females, all with full corrected vision. Also, none of the students indicated they were color defective or color deficient. Each student was randomly assigned to an artwork and only answered one related questionnaire.
| Stimuli and apparatus
To evaluate the association between color and visual complexity, abstract images were selected since they are independent of the visual references to the actual world, and are the basics of art, design and architecture. A visual language is composed in abstract images by just using line, form, shape, and color which makes it universal. Piet Mondrian's 2 abstract paintings; Ocean 5 and Composition No VII, and Vasily Kandinsky's 2 abstract paintings; Composition 8 and Decisive Rose were selected (see Figure 2 ). These images are equivalent in terms of the quality of lines, shapes, and motives, but are different from each other in terms of visual complexity, especially unintelligibility, disorganization, and variety of colors. The chosen images accomplish color harmony, visual interest, and visual complexity. Complexity aspects in these abstract images were analyzed with image processing algorithms, and then the colors were identified with the Munsell Color System. This operation could also been done manually since human vision is said to be able to distinguish between 2 and 10 million different colors, but it is not easy to distinguish all colors by the naked eye, even with expert observers. 17, 18 Thus, with image processing algorithms, it is more objective and manageable to identify the colors in the images. This technique is called K-Means Color Clustering. KMeans Clustering is a method of unsupervised learning, which is used when there is unlabeled data (ie, data without defined categories or groups). The goal of this algorithm is to find groups in the data, with the number of groups represented by the variable K (in this study, the variable K was 10 000 so the algorithm can identify 10 000 groups). The algorithm works iteratively to assign each data point to one of K groups based on the features that are provided. Data points are clustered based on feature similarity. The results of K-Means Color Clustering showed that image Composition 8 had the highest visual complexity in terms of variety of colors. The second highest Table 1 ). After color identification with K-Means Color Clustering in terms of the variety of colors, selected abstract images were rated (with a 5-point scale) by the 120 participants in terms of unintelligibility, disorganization, variety of colors, visual interest and visual complexity. The questionnaire consisted of 5 questions, and the abstract images were printed in color on A4 paper. The first 3 questions were about the dimensions of visual complexity. The fourth question concerned visual interest and the fifth question related to the overall visual complexity in the abstract image. The questions were asked in the subjects' native language in a controlled environment. Since there were 4 different abstract images, each of 30 subjects was randomly assigned to 1 abstract image. Participants were asked to indicate their gender, age and department. Each participant indicated any color vision deficiencies before the experiment and the participants were requested to use their correction vision equipment if required. Each participant voluntarily answered 1 questionnaire where the images were distributed randomly by the researcher. There was no time limitation for answering the questionnaire and participants were free to ask questions.
| RESULTS AND DISCUSSION
The results of the K-Means Color Clustering show that Composition 8 has the highest visual complexity in terms of variety of colors; 103 different colors. The second highest visual complexity was in Composition No VII with 85 colors, and the third was Decisive Rose with 52 colors. Ocean 5 had the lowest visual complexity with only 37 colors (see Table 1 ). According to the ratings of the participants, Composition 8 had the highest visual complexity, the second highest was Decisive Rose followed by Composition No VII, and the lowest visually complex image was Ocean 5. Thus, the highest and the lowest visual complex abstract images were the same according to both K-Means Color Clustering and the participants. Also, the association between unintelligibility, disorganization, variety of colors, visual complexity, and visual interest were analyzed according to the results of the participants (see Table 1 ). According to the results of an analysis of variance (ANOVA) test, no significant difference could be found in terms of disorganization, but there was a significant difference (F [3, 116] complexity; a stimulus is considered more complex, the larger the number of independently selected elements it contains. In Composition 8, there were more colors than in Ocean 5, also the information in Composition 8 could be identified more easily than in Ocean 5, since there was a more definite figure-ground relation. Thus, a stimulus can be made more complex by simply multiplying incidents and characters, that is, information. For example, in a painting, the objects depicted, or the areas of uniform color, can be made more numerous and more dissimilar for obtaining a visually complex image. 7 The results revealed that images that were evaluated as visually complex and interesting were the ones that had less difficulty in differentiating hues (intelligible). Since the selected images are complex in nature, their degrees of complexity revealed that they became over unintelligible that is, when viewers have difficulty in distinguishing hues, they start losing their visual interest. South Bank University. She has worked on research projects in the UK for NHS Estates (Department of Health) on color design in hospitals and EPSRC/DTLR LINK (Department of Transport, Local Government and the Regions) on color, visual impairment and transport environments. She has 20 years of research and experience on color perception, color preference and color use in architecture. Her current research and teaching include color and lighting, undergraduate and graduate studios. She is among others, an active member in the CIE (International Commission of Illumination), the AIC (International Colour Association), the ISCC (Inter-Society Color Council) and the UIA, Chamber of Architects of Turkey. 
